In construction projects, the aim of project control is to ensure projects finish on time, within budget and achieve other project objectives. During the last few decades, numerous project control methods have been developed and adopted by project managers in practice. However, many of the existing methods focus on describing what the processes and tasks of project control are; not on how these tasks should be carried out. There is also a potential gap between principles that underlies these methods and project control practice. As a result, time and cost overruns are still common in construction projects partly due to deficiencies of the existing project control methods and difficulties in implementing them. This paper describes a new project cost and time control model, developed through a study involving extensive interaction with construction practitioners in the UK, which better reflects the real needs of project managers. A set of good practice checklist is also developed to facilitate the implementation of the model.
project. The problem is that although the SPC could identify the special causes of deviations but how it could be used to control the identified deviations was not specified, the data used was also only from asphalt paving projects. Rozenes et al (2004) developed a project control system that quantifies deviations from the planning phase to the execution phase with respect to global project control specifications (GPCS) which would present project performance in all dimensions of operations, thereby drawing attention to poor performance. Falco and Macchiaroli (1998) on the other hand argued that monitoring and control actions arises because projects are dynamic in nature and recommended different allocations of control points through the application of the effort function (a non-linear function of the total number of active operations) and total slack time. The dynamic nature of projects also informed the study of Fena-Mora and Li (2001) who developed the dynamic planning and control methodology which integrates the application axiomatic design concepts, concurrent engineering, graphical evaluation and review technique (GERT) and system dynamic modelling. However, it is a complex system, and may not be readily adopted for ordinary projects; for example GERT, just one of the components of the developed model is rarely used in practice (Egbu et al, 1998 ).
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development. Therefore, it is questionable how accurately they reflect the real problems being faced by project management practitioners during project control practice. These conclusions underlie the need for an improved cost and time control model and the rationale for this study.
The development of a new Project Control and Inhibiting-factors Management (PCIM) model will focus on cost and time control and adopt a collaborative and contingent (situational) approach by involving practitioners in order to draw out their needs, requirements, bottlenecks and current issues in practice.
Unlike many previous studies that have mainly focused on identifying factors that causes project cost and time overrun but not the factors that makes it difficult to control these factors in practice (Hoffman et al, 2007; Shane et al, 2009 ), this study contributes to revealing the most important factors that inhibit effective control of the cost and time objectives of construction projects in the UK. Additionally, this study goes beyond the identification of project control problems; the developed PCIM model and good practice checklist are geared at mitigating identified project control problems in practice.
Although there have been attempts at developing project control models in the past, they have been rather fragmented in focus with varying objectives such as studying causation and effect, relationship of factors, comparison of techniques, development of computer tools, monitoring tools or isolation of selected practices that can aid project control. Most of these studies have not been directly targeted at practitioners or involved the practitioners in their development. The extensive involvement of practitioners during all three stages of this study is designed to ensure the validity of the findings and the relevance of the outputs. The approach adopted in the Page 8 development of the PCIM model can be referred to as a "practice grounded" research process underlined by the contingent philosophy of developing a theory/explanation to a phenomenon.
Following this approach, the situational factors in practice are considered through the involvement of practitioners through the research process in order to draw out their needs, requirements, bottlenecks and current issues in practice so that the research output (the PCIM model) is up-to-date and applicable in practice. Figure 1 illustrates the process of developing the PCIM model during this study. A three stage development approach was adopted, utilizing a combination of quantitative and qualitative methodology, and a range of specific research methods. The main aim of the first stage was to establish a list of top inhibiting factors of project control practice. This was achieved using the quantitative methodology through a questionnaire survey. The second stage, conducted using the qualitative methodology through semi-structured interviews, was to establish construction practitioners' experience in project control and relevant issues. On the basis of the first two stages a PCIM model was developed during the third stage. The model was evaluated and refined through a Delphi process. It is worth mentioning that these three stages are interwoven and dependent on each other. The detail of the main activities performed in each stage of the research is highlighted in the following sections. 
Research Methods and Model Development Process

LITERATURE ANALYSIS
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Questionnaire survey
The aim of the survey is to provide information on the current common practice of time and cost control in the UK construction industry and to establish the the leading factors that hamper practitioners from effectively controlling the cost and time objectives of their project in practice.
A thorough review of existing studies was conducted before a questionnaire was developed, which is made up of 22 multiple choice questions. The questionnaire was divided into three sections. The first section sought to obtain information on the general particulars of the respondents and their organisation. The data from the questionnaire was analysed by quantitative means. Relative importance index was used in the analysis to establish the ranking of the factors that affect the ability to control cost and time. A numerical value was assigned to the ratings as follows: 'extremely important' -4, 'important' -3, 'unimportant' -2, 'extremely unimportant' -1. This four-point scale was converted to a Relative Importance Index (RII) for each individual factor. This was calculated using the following formula, as adopted by Chan and Kumaraswamy (1997), Assaf et al (1995) and Iyer and Jha (2005) :
Where w is the total weight given to each factor by the respondents, which ranges from 1 to 4
and is calculated by an addition of the various weightings given to a factor by the entire Tables 1 and 2 present a summary of the top 20 inhibiting factors for time and cost control respectively. The inferences from the analysis were carried to the next stage of the research for further investigation. 
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Interviews
The second stage of the PCIM development process involved the use of semi-structured 
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Model development and Delphi method
The model development process commenced with a detailed analysis of the individual processes of cost and time control revealed during the survey and interview stages of the research and modeling them to produce an initial descriptive model. The preliminary model was refined by the researchers based on synthesis of the findings and analysis of the questionnaire survey and interviews, as well as further literature analysis. The improved model was then presented to practitioners for evaluation using the Delphi technique. This process is detailed in the Evaluation section later in this paper. The final Project Control and Inhibiting-factors Management (PCIM)
Model is presented in Figure 2 . The rest of the paper provides detailed description of the model.
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Project Control and Inhibiting-factors Management (PCIM) Model
The PCIM model is made up of three main sections: the top section is the main phases that a project goes through (Planning, Execute and Finish); the middle section is the main project control steps (Monitor, Report, Analyze, Feedback, Action, and Revise Plan); while the bottom section reflects the fact that project control is not a closed system and is often inhibited by some factors. The leading project control inhibiting-factors in this model are design changes, risks and uncertainties, complexity, inaccurate evaluation of time and non-performance of subcontractors.
This model includes a set of good practice checklist, which provides advice on mitigating each of these inhibiting factors. The processes of the PCIM model are described in the following sections.
Plan
Planning refers to the determination of objectives, identifying activities to be performed, resources and methods to be used to perform the task (Floyd 2004 ). The PCIM model suggests that project control should start at the Planning stage of a project. One of the revelations of this study is that quite often project management practitioners do not plan how a project will be controlled at the outset of the project. During the Planning stage of the project a lot of effort is often spent on planning how the project will be executed. For example it was revealed that various types of schedule of works are deplored to sequence the activities to be performed.
Detailed cost estimates and cost plans are also produced. However, these Plans are often developed without giving prior thought to how they will be used for project cost and time control. Fewings (2005) alluded to this by pointing out that the control system is critical to the health of the project and its choice should influence the planning process rather than the other The PCID will be prepared by the project manager in consultation with the rest of the project team and it will be circulated to the whole project team including the site management team. The PCID for each project should be reviewed regularly by the project manager to ensure that the project is being controlled as planned.
Execute
The model moves from Planning to the Execution phase of the project. The Execution phase of a project is where the plan is put into practice in order to bring the concept into reality. It is during this stage where control of cost and time is mostly needed because it is the most risky phase of 
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the project where things can often go wrong and where the plan made at the outset is put to test.
Project control during this phase consists of a cyclic and iterative process of the following activities.
Monitor
After the project has been Planned and the plan put into Execution, this original plan needs to be Japanese contractors performed better than UK and US contractors in terms of shorter construction times and noted that one of the reasons for this may be attributed to the extensive use of networks for schedule control in Japan, unlike UK and US practice where the use of simple Gantt charts was found to be more prevalent.
The PCIM model advocates a more structured approach through a number of measures such as the incorporation of a reporting system embedded in the PCID right at the project outset. This specifies the reporting templates, reporting cycle, destination of reports; and ensures that reporting is not solely achieved through progress meetings but is systematic and regular. Simple software packages should also be used to aid reporting and to allow reports to be sent to the departments responsible for collating and analyzing these reports. The PCIM model also proposes that time and cost reporting should not be done separately but together. This can be achieved through the use of reporting templates that contain both cost and time information in order to aid the integration of cost and time control. This will combat the prevailing practice where management of time is left to the planning department and management of the cost estimate/cost plan is left to the quantity surveying department and the 'two never meet'. 
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Analyze
From Reporting, next in the PCIM model is the Analyzing step, during which cost and time information contained in the submitted report is analyzed. According to Turner (1999) , having gathered the data, the team must determine whether the project is behaving as predicted, and if not, calculate the size and impact of the variances. This is one of the most important steps during the control process because if done properly the analysis step could go a long way in mending a failing project. The problem with this step in practice is that the full potential of Analysis is not explored. It was revealed that the analysis step is more of interpretation of the information reported rather than Analysis. The prevailing practice often does not integrate cost and time during this important step. This is usually not an effective approach. According to Jung and Woo (2004) , cost and scheduling are closely interrelated, because they share a lot of common data in their controlling processes hence, integrating cost and schedule control functions provides an effective tool for monitoring the construction process. In the words of one of the interviewees (a director at a contracting organization):
"…project controls, you've alluded to time and cost, so pretty much everywhere I've been, there has been a little office with the planners (schedulers) in, there has been a little office with the cost or commercial people in and never the two shall meet… so project control is a difficult thing that either organizations don't want to get to, don't see the benefits of getting to…"
Not integrating cost and time analysis will invariably generate results that are not very useful for the next step of the control process because any action to bring the project back on track will often have a cost implication. The PCIM model corrects these shortcomings by advocating that techniques that combine cost and time data are used during Analysis in order to foster the 
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integration of cost and time controls; secondly the model goes beyond just interpretation but advocates trending and the use of the results obtained to forecast the future performance of the project. A useful technique that can be used to achieve this is the earned value method or for more complex projects the PERT/Cost technique.
The earned value method is very effective for most projects and provides the added benefit of utilizing both cost and time information. It takes into account the work completed, the time taken and the costs incurred to complete the project and it helps to evaluate and control project risk by measuring project progress in monetary terms (Vandevoorde and Vanhoucke 2005) . This provides results that are useful for both the cost and time objectives of the project thereby perfectly allowing the integration of both cost and time. In addition, it was revealed from the study that one of the essential qualities of any developed project control model as clamored for by practitioners is the integration of cost and time during the project control process. Earned value analysis is well documented in project management hence it is not the intention to describe it in this paper.
Feedback
From the analysis step the PCIM model advocates a dedicated Feedback action. Feedback is the process of disseminating the result of the analysis conducted on the information from the monitoring and reporting steps to all the necessary participants and relevant stakeholders involved with the project. This is very important during the project control process, but interestingly this is often not reiterated in most project cost and time control models. This is also found to be missing from the prevailing control process in practice. The results of the analysis 
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step need to be transmitted to everybody who has an action to take otherwise the effort that has been put into collecting information, Reporting and Analyzing will be in vain. The study revealed that in practice there is no systematic way of disseminating the findings of the Analysis step. What normally happens is that if Analysis reveals that action(s) are to bring the project back on track, quite often, at best only ad hoc meetings are held to discuss the situation.
The PCIM model proposes that irrespective of the results of the Analysis, systems and processes should be put in place to feedback the findings to the site and project management teams. In practice, transfer of project control information is often only one way; from the site to the project office. The project office rarely provides feedback on their findings to the site team with the exception of when the findings are negative. The PCIM model suggests the use of a feedback report from the project control team sent at set periods to the site team. This will go a long way in motivating the site team that the monitoring and reporting they carry out and transmit to the project office is not useless information but is actually being used. This will also instill a project control culture in the organization. This feedback report should also be sent to senior managers, and the project decision makers that can act on the findings of the analysis stage. Finally, having a dedicated Feedback procedure ensures that information is transmitted quickly and efficiently and is not left on the desk until it becomes obsolete and useless.
Action
The PCIM model moves from the Feedback to Action. This step ensures that information revealed from the Analysis step is put into practice. In order to close the control loop, the team must take effective action to overcome any variances. This involves identifying and evaluating 
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alternative courses of action for resolving a perceived problem situation. The objective of action is to produce a timely and practical plan (for carrying out each activity), which conforms to the overall project plans and cost estimate and current knowledge of the project (Mawdesley et al 1997) . The PCIM model specifically points out the fact that actions should not only be reactive but proactive. The study revealed that in the prevailing project control models used in practice, action is mostly reactive. In other words, action is only taken to correct things that have gone wrong. Reactive actions are often not effective during project control hence the PCIM model advocates that action should not only be reactive but proactive as well. Information generated during Analysis should be able to highlight possible problems and plan actions well in advance instead of waiting nearer problems occur or even worse after they have occurred (as it's often the case in practice); action should be taken immediately if possible. The PCIM model also advocates that the process of acting should not be haphazard, but should be controlled and systematic. Acting systematically would, for example, involves conducting an impact analysis on the action that will be taken before acting. Some actions may create risks and problems in the future; some actions may cause delays to the project or they may incur cost increases or may raise quality issues. If actions are not systematic, not all the members of the project team are aware of the action and this is counter-productive. Hence systematic approach is essential when deciding on the best action to take. Notification needs to be given to all involved in this Action and they then should plan together and holistically how the Action will be implemented.
Revise Plan
The PCIM model moves from Action into Revised Plan. Revision of plan involves the updating of the previous project plan to reflect the impact of any action taken as a result of the analysis 
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conducted on the project. This has been treated as a separate step instead of tagging it to the original planning step (as often the case in practice) because the PCIM model recognizes that this is a process that requires due diligence. This study revealed that in practice when action is taken the status quo often resumes and the revisions of the schedule of works are produced by just updating the action that has already been taken or updating the cost plan and budget. The Revise Plan step in the PCIM model goes beyond just the updating of the old plan. This is because the actions that are taken will often have an impact on the remaining tasks of the project. Therefore, the revision of the schedule and cost plan needs to be more rigorous than just updating. It is worth noting that the initial plan should always be kept as a baseline while the revised plan should be used for continuing the project. Revise Plan marks the end of one iteration of a cyclic and iterative process, which should be repeated continuously while the project is still being executed.
Finish
Finally, the model moves to the Finish step. This is when the project has been completed and the original conceived plan or an iteratively revised plan accepted by all parties during the course of the project has been achieved.
Project Control Inhibiting Factors
The next section of the PCIM model shows the inhibitors to the cost and time control process. As mentioned earlier, these inhibiting factors have been identified in this study through a questionnaire survey (Tables 1 and 2 
Good Practice Checklist
The final ingredient of the PCIM model is a checklist of good practice. According to Angelides (1999) good business practices linked with good technical practices are important for project management in a number of ways including for the fact that they provide incremental improvement, innovation and a process view of a project, which breaks down the barriers between the groups involved in a project, establishing common goals and ensuring optimization.
Taking a cue from this, it is obvious that modeling the control steps is only half the story of the control process in practice because any developed model still depends on people to put it into practice. This study found that one of the problems of project control in practice is that many project managers often lack a sense of direction and guidance of what to do. In view of this, this
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research went further than most previous studies by developing a 'good practice checklist' for the major steps of the control process (plan, monitor, report and analyze) and mitigating practices for the identified leading project control inhibiting-factors to provide guidance to user.
The developed good practice checklists are an integral part of the PCIM model. They were developed through a three staged research process, involving (1) literature review; (2) questionnaire survey, analysis and synthesis; and finally (3) semi-structured interviews with practitioners to ensure the practical relevance of the developed checklists by drawing from the real life experiences of interviewees. Table 4 shows an example of the checklist developed for the inhibiting-factor -"design changes" during the project control process. All together a set of 
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Evaluation
The initial version of the PCIM model and the good practice checklists were evaluated by an expert panel through a Delphi process. The Delphi technique is usually used to obtain the most reliable consensus of opinion of a group of experts by a series of intensive questionnaire 
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Eight practitioners agreed to participate in the Delphi process. All the experts held relevant senior positions in the planning (scheduling) and project management department of their organizations. These experts were also very experienced practitioners with six of the eight experts having more than 25 years of experience. The total experience of the experts is 227 years (average experience of 28 years). All the experts were of the opinion that the PCIM model was suitable or very suitable. All the experts also thought the model is simple or very simple to use and all the experts rated the model being helpful or very helpful for project control. The experts also provided comments and suggestions on how they think the model can be improved. These comments, combined with further literature analysis and information from the wider research, were used to improve the PCIM model.
In addition to the evaluation of the structure of the PCIM model, the Delphi process also seeks to validate the identified good practices and to ascertain the level of significance of each of them.
These experts were asked to consider the 65 identified good practices specific to the main control steps (Plan, Monitor, Report, Analyze) and rate them as either critical, important, helpful or unimportant in aiding project cost and time control. Two rounds of Delphi were conducted. The first round of Delphi was basically devoted to getting a first glimpse into how experts feel about the practices put forward to them and seeing if any agreement exists on their significance in the first instance. While the second round of Delphi process was aimed at finding out if the experts can reach a consensus on the rating of the practices. At the end of the second round of Delphi 20 practices were considered "critical", 34 practices were considered "important" and 11 practices as "helpful". In other words, 83% of the good practices were considered by majority of the experts as either "critical" or "important" in aiding project control and the remaining 17% were 
Practical value of the PCIM model
The practical applicability of the PCIM model and its potential benefits can be illustrated using a real world example of a construction firm, for which one of the authors had worked for a year as a project manager. The firm, Company A for anonymity, is involved in commercial construction fit-out projects, which usually last between 3 to 12 months. It employs project managers with varied levels of experience. Each project manager usually handles up to four projects simultaneously depending on project size and complexity. Although the company had an established accounting and financial control system and an ISO certified quality control system in place, it had no standard project control methods. Each project manager adopts ad hoc procedures and decides the type and detail of the schedule at his/her own discretion. In addition, although most of the project managers were trained to degree level and had the relevant The good practice checklists intend to facilitate the adoption of the PCIM in practice. However, it is important to recognize that other barriers to its adoption may exist and need to be overcome.
Firstly, one of such barriers is the need for a cultural change. A successful implementation of the PCIM in a project requires all cost and scheduling professionals of that project to work together.
Unfortunately, at present the prevailing culture in the UK construction industry is still poor in collaboration caused by the fragmented organizational structure. Fundamental solution to this problem will require a long term effort to transform the culture of the industry. In the meantime, project managers should be made aware of the potential benefit of PCIM in promoting teamwork It is worth noting some of the limitations of this study, the Delphi method was used during the development and evaluation of the PCIM model. During this process, positive feedback had been received from industry experts about the suitability of the PCIM to practice. However, further testing in real life projects is required before any definitive conclusions can be drawn about the effectiveness of the model in improving project control, although a real life example of how the project can be adopted has been provided. Furthermore, since the focus of the investigation is on construction projects in the UK, the results may not be automatically generalized to construction projects worldwide. In addition, the sample population for the research has come from the 
